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IMPROVEMENTS IN OR RELATING TO CATALYSED REACTIONS 

CROSS REFERENCE OF RELATED PATENT APPLICATIONS 
[0001] This application is a National Stage Application of International 

Application No. PCT/EP2004/0 14475, filed 16 December 2004, which claims 
benefit of US Provisional Application No. 60/530,777, filed 15 December 2003. 
These applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to improvements in or relating to acid 

catalysed petrochemical reactions, in particular to the oligomerisation of olefins 
and alkylation with olefins. 

BACKGROUND 

[0003] The condensation reaction of an olefin or a mixture of olefins over 

an acid catalyst to form higher molecular weight products is a widely used 
commercial process. This type of condensation reaction is referred to herein as an 
oligomerisation reaction, and the products are low molecular weight oligomers 
which are formed by the condensation of up to 12, typically 2, 3 or 4, but up to 5, 
6, 7, or even 8 olefin molecules with each other. As used herein, the term 
'oligomerisation' is used to refer to a process for the formation of oligomers 
and/or polymers. Low molecular weight olefins (such as ethylene, propene, 2- 
methylpropene, 1-butene and 2-butenes, pentenes and hexenes) can be converted 
by oligomerisation over a solid phosphoric acid catalyst, an acidic ion-exchange 
resin, or a zeolite catalyst, to a product which is comprised of oligomers and 
which is of value as a high-octane gasoline blending stock and as a starting 
material for the production of chemical intermediates and end-products. Such 
chemical intermediates and end-products include alcohols, detergents and esters 
such as plasticiser esters and synthetic lubricants. The reactions typically take 
place in a plurality of tubular or chamber reactors. Sulfated zirconia, liquid 
phosphoric acid and sulfuric acid are also known catalysts for oligomerisation. 
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[0004] The acid catalysed alkylation of aromatic and phenolic compounds 

with olefins is a well-known reaction which is also of commercial importance. 
For example, ethylbenzene, cumene and detergent alkylate are produced by the 
alkylations of benzene with ethylene, propene and Cg to Cig olefins, respectively. 
Sulphuric acid, HF, phosphoric acid, aluminium chloride, and optionally 
supported boron fluoride are conventional catalysts for this reaction. In addition, 
solid acids which have comparable acid strength can also be utilised to catalyse 
this process, and such materials include amorphous and crystalline 
aluminosilicates, clays, ion-exchange resins, mixed oxides and supported acids 
such as solid phosphoric acid catalysts. It is known that many of these acid 
catalysts require the presence of a certain amount of water in order to provide 
optimal catalyst activity. 

[0005] Solid phosphoric acid catalysts are typically prepared by 

combining a phosphoric acid with a support and drying the resulting material. A 
commonly used catalyst is prepared by mixing kieselguhr with phosphoric acid, 
extruding the resulting paste, and calcining the extruded material. The activity of 
a solid phosphoric acid catalyst is related to the amount and the chemical 
composition of the phosphoric acid which is deposited on the support. 
[0006] Phosphoric acid consists of a family of acids, which exist in 

equilibrium with each other and differ from each other in their degree of 
condensation. The catalysts are generally supported on silica and consist of 
silicone phosphate crystals coated with various phosphoric acids. These acids 
include ortho-phosphoric acid (H3PO4), pyro-phosphoric acid (H4P2O7), 
triphosphoric acid (H3P3O10X and polyphosphoric acids, and the precise 
composition of a given sample of phosphoric acid will be a function of the P2O5 
and water content of the sample. As the water content of the acid decreases the 
degree of condensation of the acid increases. Each of the various phosphoric 
acids has a unique acid strength and accordingly the catalytic activity of a given 
sample of solid phosphoric acid catalyst will depend on the P 2 0 5 /H 2 0 ratio of the 
phosphoric acid which is deposited on the surface of the crystals. 
[0007] The activity of a solid phosphoric acid catalyst and also its rate of 

deactivation in a hydrocarbon conversion process, such as an oligomerisation or 
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an alkylation process, will be a function of the degree of catalyst hydration. In an 
olefin oligomerisation process, a properly hydrated solid phosphoric acid catalyst 
can be used to convert over 95% of the olefins in a feedstock to higher molecular 
weight oligomers. However, if the catalyst contains too little water, it tends to 
have a very high acidity, which can lead to rapid deactivation as a consequence of 
coking. Further hydration of the catalyst serves to reduce its acidity and reduces 
its tendency toward rapid deactivation through coke formation. On the other 
hand, excessive hydration of a solid phosphoric acid catalyst can cause a change 
in the crystal structure, leading to lower density and swelling. This change may 
cause the catalyst to soften and physically agglomerate and, as a consequence, can 
create high pressure drops in fixed bed reactors. Accordingly, there is an 
optimum level of hydration for a solid phosphoric acid catalyst. 
[0008] During use as a catalyst for hydrocarbon conversion processes, a 

solid phosphoric acid catalyst will develop a degree of hydration which is a 
function of feedstock composition and reaction conditions. For example the level 
of hydration is affected by the water content of the feedstock which is being 
contacted with the catalyst and also by the temperature and pressure at which the 
catalyst is used. The vapour pressure of water over a solid phosphoric acid 
catalyst varies with temperature and it is important to keep the water content of 
the feedstock in equilibrium with that of the catalyst it is being contacted with. If 
a substantially anhydrous hydrocarbon feedstock is used with a properly hydrated 
catalyst, the catalyst will typically lose water during use, and will develop a less 
than optimal degree of hydration. Accordingly when the water content of a 
feedstock is inadequate to maintain an optimal level of catalyst hydration, it has 
been conventional to inject additional water into the feedstock. A study of the 
effect of water on the performance of solid phosphoric acid catalysts as catalysts 
for the alkylation of benzene with propene and for the oligomerisation of propene 
is set forth in a review article by Cavani et al, Applied Catalysis A: General, 97, 
pp. 177-1196(1993). 

[0009] As an alternative to incorporating water into a feedstock that is 

being contacted with a solid phosphoric acid catalyst, it has also been proposed to 
add a small amount of an alcohol, such as 2-propanol, to the feedstock, to 
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maintain the catalyst at a satisfactory level of hydration. For example, US Patent 
No. 4,334,118 discloses that in the polymerisation of C3-C12 olefins over a solid 
phosphoric acid catalyst which has a siliceous support, the catalyst activity can be 
maintained at a desirable level by including a minor amount of an alkanol in the 
olefin feedstock. It is stated that the alcohol undergoes dehydration upon contact 
with the catalyst, and that the resulting water then acts to maintain the catalyst 
hydration. 

[0010] As well as using solid phosphoric acid catalysts, it is known to use 

acidic zeolite catalysts for the oligomerisation of olefins. PCT publication WO 
93/16020 discloses the use of such zeolites, and also that the selectivity and the 
conversion of the oligomeristion process can be improved by the addition of small 
amounts of water to the oligomerisation reaction. 

[0011] Where a zeolite catalyst is used it may be any zeolite that is active 

in alkene oligomerisation reactions. For example, there may be used a catalyst 
selected from the group consisting of zeolites of the TON structure type (for 
example, H-ZSM-22, H-ISI-1, H-Theta-1, H-Nu-10, KZ-2), or zeolites of the 
MTT structure type (for example H-ZSM-23, KZ-1) or zeolites of the MFI 
structure type (for example, H-ZSM-5) or zeolites of the MEL structure type (for 
example, H-ZSM-11) or zeolites of the MTW structure type (for example, H- 
ZSM-12), or zeolites with the EUO structure type (for example, EU-1), or zeolite 
H-ZSM-57, or any member of the ferrierite structure family. Other examples of 
suitable catalysts are offretites, H-ZSM-4, H-ZSM-18 or zeolite Beta. Reference 
is made to 'Synthesis of High-Silica Aluminosilicate Zeolites' by P. A. Jacobs and 
J. A. Martens (published as volume 33 in the series 'Studies in Surface Science 
and Catalysis') for a review of the synthesis and properties of the aforementioned 
zeolites. 

[0012] Additionally, the catalyst can be a zeolite synthesised without 

addition of a template, for example, faujasites, zeolite L, mordenites, erioites and 
chabazites, the structures of which are contained in the 6 Atlas of Zeolite Structure 
Types' by C. Baerlocher, W. M. Meier and D. H. Olson (published by Elsevier on 
behalf of the Structure Commission of the International Zeolite Association, 5th 
Revised Edition, 2001). Zeolite catalysts having crystal structures that are 
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essentially the same as the crystal structures of the above-mentioned zeolite 
catalysts, but differing slightly therefrom in chemical composition, may also be 
used. Examples include zeolite catalysts obtained by removal of a number of 
aluminium ions from, or by steaming of, the above-mentioned zeolite catalysts; 
and zeolite catalysts obtained by the addition of different elements (for example 
boron, iron and gallium), for example, by impregnation or cation exchange, or by 
incorporation during the zeolite synthesis. 

[0013] Mixtures of two or more zeolites e.g. a mixture of ZSM-22 and 

ZSM-57 or ZSM-22 and ZSM-5 can be used as disclosed in EP 0 746,538B1. Or 
alternatively, upon the surface zeolite of each crystal, a layer of another zeolite 
can be deposited as disclosed in EP 0808298B1. 

[0014] The zeolite conveniently has a crystallite size up to 5 jum such as 

within the range of from 0.05 to 5jim, for example from 0.05 to 2.0fxm, and 
typically from 0.1 to ljim. An as-synthesized zeolite is advantageously converted 
to its acid form, for example by acid treatment, e.g. by HC1, or by ammonium ion 
exchange, and subsequently calcined before use in the process of invention. The 
calcined materials may be post- treated, such as by steaming. It is also possible to 
use, as is known in the art, a material in which silicon and aluminium have been 
replaced in whole or in part by other elements. Silicon may, for example, be 
replaced by germanium and/or phosphorus; and aluminium more especially by 
boron, galium, chromium and iron. Materials containing such replacement lattice 
elements are also generally termed zeolites, and the term is used in this broader 
sense in this specification. The zeolite might be supported or unsupported, for 
example in the powder form, or used as an extrudate with an appropiate binder. 
Where a binder is employed, the binder is conveniently a metal oxide, such as 
alumina or silica and is present in an amount such that the oligomerisation catalyst 
contains for example from 1 to 99wt% of the zeolite, more preferably from 50 to 
70wt%. 

[0015] It is also known from, for example, United States Patents 4334118 

and 5744679 that by using in an alkene oligomerisation process an alkene- 
containing feedstock with a water content of from 0.05 to 0.25 mol %, and 
preferably of at least 0.06 mol %, based on the hydrocarbon content of the 
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feedstock, the yields of the desired higher molecular weight alkenes can be 
increased, and the catalyst becomes deactivated more slowly. This is known for 
both solid phosphoric acid catalysed oligomerisation and zeolite catalysed 
oligomerisation. 

[0016] It is also known that when an alkene-containing feedstock has a 

water content of less than 0.05 mol %, the water content may be increased by a 
variety of means. For example, the feedstock can be passed through a 
thermostatic water saturator. Since the amount of water required to saturate the 
alkene feedstock depends upon the temperature of the feedstock, control of the 
water content can then be affected by appropriate control of the temperature of the 
feedstock. The water content of the feedstock is preferably at least 0.06 mol %, 
based on the hydrocarbon content of the feedstock. 

[0017] The present invention may be used with particular advantage in the 

oligomerisation of C3-C6-alkenes. If, as may be desired, the alkene-containing 
feedstock contains as diluent a hydrocarbon other than a C2-Ci2-alkene, for 
example, a saturated hydrocarbon, that other hydrocarbon is to be included in the 
hydrocarbon content for the purposes of calculation of the water content. 
[0018] Accordingly with the use of either phosphoric acid or zeolite 

catalyst it is known that water may be added to enhance catalyst life and possibly 
also improve selectivity, and to moderate conversion and spread it out over a 
larger part of the catalyst bed. Oligomerisation reactions typically run over many 
weeks or months before a catalyst change is required and it is desirable to 
optimise the selectivity and conversion of the reaction throughout the run. United 
States Patent 6,111,159 indicates the difficulties that can occur during the 
initiation of a reaction run and presents a somewhat complicated and expensive 
solution employing a non-reactive water free hydrocarbon diluent over an 
extended initial period. The implication in the use of such technology is that the 
reactor spends several days on line with low catalyst activity and low olefin 
conversion before optimum reaction conditions are achieved. 
[0019] Industrial hydrocarbon conversion processes employing these 

acidic catalysts typically run for several weeks before a catalyst change is required 
or a decomissioning of the reactor is needed. In industrial processes the feeds for 
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the reactions are generally obtained from refining activities such as a stream 
derived from catalytic or steam cracking, which may have been subjected to 
fractionation. The nature of such refining activities is such that there will be 
variations in the composition of the feed. In addition it may be desired to change 
the nature of the feed during a reactor run. The catalyst activity and the reaction 
conditions vary according to the composition of the feed. Furthermore, the 
reactions are exothermic and the size of the exotherm also depends upon the 
composition of the feed. 

DESCRIPTION OF THE FIGURE 

[0020] Figure 1 depicts an embodiment described herein in relation to the 

oligomerization of olefins. 

DETAILED DESCRIPTION 

[0021] The present invention is concerned with the optimisation of the 

reaction conditions by adjustments of the amount of water present in the feed. 
[0022] In most industrial processes such as that described previously, the 

refinery feed that is to be used in the hydrocarbon conversion reactions will 
contain impurities such as polar compounds. These impurities would be 
detrimental to the hydrocarbon conversion reaction and are frequently removed 
prior to the reaction, by for instance a water wash. In olefin oligomerisation the 
feeds are frequently subject to a first alkaline wash to remove acidic polar species 
followed by a weakly acidic water wash. The last water wash typically produces a 
feed stream which is saturated with water at the temperature at which the water 
wash is performed and, accordingly, can be used to provide the water of hydration 
required in the reaction. 

[0023] The activity of the catalyst in relation to the particular feed that is 

being processed is controlled by the amount of water present. The requirement for 
the presence of water varies according to the nature of the catalyst. For example, 
when using a solid phosphoric acid catalyst water is required for catalyst 
activation; whereas when using a zeolite catalyst water may be required to temper 
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catalyst activity. Thus the presence of water and the amount of water present is 
important in all these circumstances. 

[0024] In hydrocarbon conversion reactors there is generally a temperature 

profile throughout the reactor, the optimum profile depending upon the nature of 
the feed and the catalyst. We have now found that particular optimum reactor 
conditions may be sustained throughout a reactor run if the water content of the 
feed is continuously controlled according to the composition of the feed. 
[0025] The present invention provides a process in which higher activity 

and conversion may be realised earlier in the reactor run and/or in which the 
activity and conversion can be maintained during the run despite fluctuations 
and/or changes in the composition of the reaction feed. 

[0026] According to the present invention there is provided a process for 

the conversion of olefins in a reactor which comprises continuously passing a feed 
comprising an olefin and water through a bed of catalyst under conversion 
conditions to form a conversion product, the water content of the feed being 
automatically controlled according to an analysis of the composition of the feed. 
[0027] Alternatively the present invention provides a process for the 

conversion of olefins in a reactor which comprises continuously passing a feed 
comprising an olefin and water through a bed of catalyst under conversion 
conditions to form a conversion product, the water content of the feed being 
greater during the initial phase of the process than at the latter phase of the 
process. In preferred embodiments, this process is practised with one or more 
process features as expressed elsewhere herein; for example, such process may be 
practised with automatic control of the water content of the feed according to an 
analysis of the composition of the feed, as mentioned herein above. 
[0028] The invention therefore includes processes for the oligomerisation 

of olefins or the alkylation of aromatic compounds with olefins wherein a 
hydrated olefin feed is continuously passed through a bed of oligomerisation or 
alkylation catalyst under oligomerisation or alkylation conditions, wherein the 
water content of the feed is automatically controlled according to the composition 
of the feed and/or is greater during the initial phase of the process than at the latter 
phase of the process. 
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[0029] The catalysts are generally acidic and the use of the techniques of 

this invention allows the optimum acidity of the catalyst to be maintained through 
the reactor and throughout the reactor run. The preferred oligomerisation or 
alkylation conditions to be employed will depend upon the particular catalyst that 
is used, and will generally be such as to provide a desired temperature profile 
throughout the reactor. 

[0030] According to one aspect of the invention the catalyst comprises a 

zeolite catalyst. In this case, the temperature of the conversion, e.g. 
oligomerisation or alkylation, may be, for example, in the range 1 10°C to 310°C. 
[0031] According to another aspect, the catalyst comprises a solid 

phosphoric acid. In this case, the temperature of the conversion, e.g. 
oligomerisation or alkylation, may be, for example in the range 200°C to 300°C. 
[0032] The present automatic process control invention allows optimum 

conditions to be sustained despite fluctuations and/or changes in the composition 
of the feed by monitoring the composition of the feed, and adjusting its water 
content according to the fluctuations or changes identified. In this way it is 
possible to match a preset target of the free acidity level of the catalyst at average 
reactor and/or run conditions. In a process in which the olefin feed is subjected to 
a water wash, it is preferred to adjust the water content by altering the temperature 
of the water wash to a temperature at which saturation of the feed provides the 
desired water level. 

[0033] The difference between "reactor" or "run" conditions depends on 

the control capabilities. If hydration (i.e. feed water content) control of an 
individual reactor is possible, the control targets average reactor conditions and 
adjusts through the run. If only one hydration control is provided for a range of 
reactors in parallel, which almost inevitably are at different stages of run, the 
target is for average run conditions. A preferred embodiment of the "reactor" 
conditions target is where one saturation step is complemented with water 
injection capabilities into the feeds to each individual reactor, to adjust for its 
particular (average) operating conditions. 

[0034] The invention is particularly concerned with the production of C5 

to C 2 o olefins boiling in the range of 30° to 310°C, preferably 30° to 300°C, more 
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preferably 30° to 250°C, from propylene and/or butene and/or amylene feedstocks 
or their mixtures, though ethylene may be present as well. In particular the 
invention is concerned with the production of the following olefins. 



Products 


Distillation Range (°C) 
ASTM D1078 




Initial Boiling Point 


Dry Point 


Pentenes 


30 




Hexenes 


35 


72 


Heptenes 


88 


97 


Octenes 


114 


126 


Nonenes 


135 


143 


Decenes 


155 


160 


Undecenes 


167 


178 


Propylene Tetramers 


175 


225 


Or Dodecenes 






Tridecenes 


204 


213 



[0035] In addition to enabling the yields of higher molecular weight 

alkenes to be increased, the process of the invention enables the oligomerisation 
reaction to be carried out at relatively low temperatures. Where solid phosphoric 
acid is used as catalyst, the contacting of the feedstock with the solid phosphoric 
acid catalyst is preferably carried out at a temperature not exceeding 260°C. 
Advantageously, when using a phosphoric acid catalyst, the contacting is carried 
out at a temperature of from 180° to 255°C preferably 180°C to 240°C. When 
using a zeolite catalyst the contacting is preferably carried out at a temperature in 
the range 180°C to 310°C. 

[0036] We have found that the process of the present invention enables a 

reactor employing solid phosphoric acid as an oligomerisation catalyst to operate 
at high catalyst activity and olefin conversion immediately when the reactor 
attains the optimum oligomerisation temperature and pressure conditions, or 
shortly thereafter, such as after only 24 to 48 hours. We have also found that the 
process of the present invention enables a smoother running of oligomerisation 
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reactions employing a zeolite catalyst. In particular the invention leads to a 
reduction of excessive exotherms at the start of operation of the reactor loaded 
with fresh or freshly regenerated catalyst, in case of a regenerable catalyst. We 
have also found that the present invention enables high catalyst activity and olefin 
conversion to be maintained despite any changes and/or fluctuations in the 
composition of the feed. 

[0037] We have found that in certain reactions employing either solid 

phosphoric acid or zeolite catalyst the catalyst activity and acidity are too high 
initially, and that benefits can be achieved using more water in the olefin feed 
during the initial period of a reaction than in later stages once stable reaction 
conditions have been achieved. For example when employing a phosphoric acid 
catalyst, long life may be achieved if the water content in the feed over the initial 
phase of the run is in the region of 450 to 800 wt ppm. We have found that this 
high activity and conversion is lost if a water content at this level is maintained 
after the initial period, whereas the high activity and conversion may be sustained 
if the water content is reduced to within the range of 250 to 400 wt ppm once the 
maximum activity and conversion has been achieved. It is believed that this 
hydration profile over time contributes to a smoother temperature profile, 
particularly in tubular reactors, and in avoiding temperature excursions in certain 
parts of the catalyst beds that could cause excessive coking and hence catalyst 
deactivation. Preferably the initial phase of the run (employing the higher water 
content) lasts for up to 48 hours, more preferably up to 24 hours. 
[0038] Accordingly, where the present invention is applied to olefin 

oligomerisation, the present invention further provides techniques whereby the 
water content of the feed may be managed throughout a reaction run in order to 
optimise the catalyst activity and the olefin conversion. In most oligomerisation 
processes, the olefin feed to oligomerisation is subjected to a water wash. At this 
stage the feed may be saturated with water (at the temperature employed in the 
washing) and the water content may be controlled automatically to the level 
required by the selected oligomerisation conditions. A convenient technique for 
the adjustment of the water content of the feed, is to alter the temperature 
employed in the water wash step. An increase in the temperature will result in a 
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higher water content at saturation, whereas if the temperature is reduced the water 
content at saturation will be lower. If the water level is too low, more water may 
be injected into the feed or, in case of several reactors operated in parallel, water 
may be injected directly into the feed to an individual reactor to achieve the 
desired level. This control in hydration enables the system to compensate for 
changes in feed composition, changes in reactor temperature, changes in recycle 
rates and variations in the proportions of reactive materials (such as olefins) and 
of diluents (if any are used). 

[0039] In a preferred embodiment one or more coalescers are provided 

downstream of the water washing of the feed. These coalescers remove fine water 
droplets which can lead to excess of water on the catalyst, which degrades the 
catalyst. Coalescers are devices that are employed to facilitate the separation of 
two liquid phases. A problem with separating two liquid phases can be that the 
density difference, which drives the separation, is often rather small. In this 
situation the smaller droplets travel slowly through the continuous phase 
(according to Stokes* Law) and in an empty vessel, they have to travel all the way 
to the bottom (or the top) before they start agglomerating to form larger droplets 
and ultimately a separate continuous phase. In a coalescer, horizontal (or 
substantially horizontal) baffles are provided within the vessel in order to reduce 
the distance the droplets must travel, and thus make the separation more effective 
and volume-efficient. A preferred coalescer design comprises a drum with a 
number of parallel baffles inside, which are horizontal or slightly inclined. Small 
droplets will only need to travel to the baffle that is just below or above it, where 
they will form larger droplets (by coalescing with each other) which then will 
travel to the end of the baffle and from there will move with their faster speed to 
the bottom or top of the vessel where the continuous separate phase is formed and 
removed through the outlet nozzle. The benefit of using a coalescer in the present 
invention is that the entrained water content of the organic feed to the 
oligomerisation reactor will be reduced and hence the water content will be closer 
to the saturation amount of water. The latter can be estimated by calculation, so 
the total amount of water in the stream can be more reliably predicted/calculated. 
This enables a better hydration control by controlling the saturation temperature 
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and/or controlling the amount of water injected into the feed on its way to the 
oligomerisation reactor. Another embodiment of a coalescer may be one where 
the fluid containing small droplets of a different phase is pushed through a high 
porosity solid such as a packing or crinkle-wire-mesh-screen that is made of a 
material to which the droplet phase has a high affinity or wettability. The small 
droplets then tend to adhere to this easily wettable material and coagulate to form 
bigger droplets, which are then released from the material and readily separate 
into a continuous phase that can be drawn off 

[0040] In a further embodiment, an on line analyser is provided to measure 

the amount of water present in the olefin feed as it is fed to the reactor. Water 
injection and/or water wash temperature changes or drying systems may then be 
activated, preferably automatically, according to the analysis to make any 
adjustments to water content that may be required to optimise the oligomerisation 
reaction. The analysis may be monitored using one or more on line analysers 
which take a small slip stream which is analysed by gas chromatography or 
Panametrics™ analysis technology. 

[0041] The use of an on line analyser to determine the composition of the 

hydrocarbon feed to or from the last water wash step, provides a breakdown of the 
feed's individual hydrocarbon components, typically the individual olefinic and 
paraffinic components. This composition is then available as the basis for 
calculating the water solubility of the feed stream at the temperature of the water 
wash, and may be used to automatically adjust the temperature by an appropriate 
algorithm. When coalescers are used to assure there is little to no water 
entrainment, it is preferred that this on line analysis take place after the coalescers, 
to allow an accurate assessment of the concentration of water in the feed to the 
reactor. This is of interest because on line water analysers are known for slowly 
and unnoticeably developing a bias, so one would need to calibrate them 
regularly. Calibration of these analysers is difficult and troublesome, because 
analytical standards with low or zero water content are difficult to prepare and to 
store. The capability to accurately predict the amount of water dissolved in the 
product of the water wash step is therefore of great benefit for exerting a tight 
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hydration control, either by temperature control in the water wash stage or by 
injection of additional water, or a combination of both, or by drying. 
[0042] In yet another further embodiment, the analysis of the reactor feed 

also includes measuring the concentration of oxygenated components other than 
water, like alcohols, ethers, or carbonyl containing compounds such as ketones 
and aldehydes, acids, and the like. Under reactor conditions, these compounds are 
prone to generating water, which participates in the hydration of the catalyst. 
Between 40% and 60% of ethers present tend to decompose to generate water, 
whereas the conversion of most of the alcohols is essentially complete, methanol 
being the exception. Methanol dehydrates via methylation, which is a much 
slower reaction, so methanol conversion is significantly lower than its C2 and 
higher homologues. The additional information on the concentration of the 
oxygenates in the feed other than water, enables adjustment of the amount of 
water required for optimal hydration, and hence adjustment of the temperature of 
the water wash step and/or the amount of water injected and/or the amount of 
drying. 

[0043] In yet a further embodiment of the invention, at the end of the run 

when the catalyst is unloaded from the reactor, the acidity of the spent catalyst 
recovered closest to the reactor outlet is verified analytically. In particular when 
employing solid phosphoric acid as the catalyst, it is preferred that the acidity of 
the spent catalyst at the reactor outlet be substantially the same as the acidity level 
of fresh catalyst. If the acidity of the spent catalyst deviates significantly from the 
preferred level, the hydration target is adjusted in order to better maintain the 
target free acidity level for the subsequent runs. The free acidity level of the 
catalyst may be measured by extracting the free acid from the catalyst, preferably 
with water, followed by titration. It is preferred that the free acidity (i.e. free 
phosphoric acid content) of the fresh catalyst and the catalyst at the reactor outlet 
are both within the range 16 to 22%, more preferably in the range 18 to 20%. Any 
variation in the acidity of the catalyst at the reactor outlet can be an indicator of 
the need to adjust the water content in the olefin feed. 

[0044] In a further embodiment of the invention, the reactor may be 

provided with means that enable the reactor to be depressurised to flash off water 
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if the water content in the reactor exceeds the desirable level. This can allow the 
control of water content under circumstances where an undesirable build up of 
water would, in other circumstances, require the reactor to be decommissioned. It 
also allows to correct promptly, before excessive damage is done to the catalyst, 
for a fresh catalyst that was delivered and loaded in overhydrated condition, or 
when operational upsets have caused the catalyst to become overhydrated. The 
use of this further embodiment is more applicable to systems that employ tubular 
reactors than to those that employ chamber reactors. Tubular reactor systems are 
typically equipped with a vacuum system to evacuate the reactor tubes, and this 
vacuum can be activated to assist the flashing from the catalyst of water and also 
hydrocarbons. We have found that this treatment on a solid phosphoric acid 
catalyst is able to recover some of the activity lost and also is able to reduce some 
of the pressure drop that may have built up during the earlier part of the run. 
[0045] In many olefin reaction processes, such as oligomerisation, 

unreacted olefin is recycled to the reactor and here again the water content and 
oxygenate content of the olefin recycle feed can be monitored and adjusted to 
optimise the reaction conditions. Alternatively such recycle is mixed with the 
fresh feed before the water wash step, and hydration control is effected on the 
combined stream. 

[0046] Effective control of the water content of the feed has been found to 

improve the life, conversion and selectivity of processes employing solid 
phosphoric acid catalysts and to reduce the undesirable exotherms that can be 
produced when using acidic zeolite catalysts. Where zeolite catalysts are used it is 
preferred that the zeolite catalyst may be any catalyst that is active in alkene 
oligomerisation reactions. For example, there may be used a catalyst selected 
from the group consisting of zeolites of the TON structure type (for example, H- 
ZSM-22, H-ISI-1, H-Theta-1, H-Nu-10, KZ-2), or zeolites of the MTT structure 
type (of example H-ZSM-23, KZ-1) or zeolites of the MFI structure type (for 
example, H-ZSM-5) or zeolites of the MEL structure type (for example, H-ZSM- 
1 1) or zeolites of the MTW structure type (for example, H-ZSM-12), or zeolites 
with the EUO structure type (for example, EU-1), or zeolite H-ZSM-57, or any 
member of the ferrierite structure family. Other examples of suitable catalysts are 
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offretites, H-ZSM-4, H-ZSM-18 or zeolite Beta. Reference is made to 'Synthesis 
of High-Silica Aluminosilicate Zeolites' by P. A. Jacobs and J. A. Martens 
(published as volume 33 in the series 'Studies in Surface Science and Catalysis') 
for a review of the synthetics and properties of the aforementioned zeolites. 
[0047] Additionally, the catalyst can be a zeolite synthesised without 

addition of a template, for example, faujasites, zeolite L, mordenites, erioites and 
chabazites, the structures of which are contained in the 'Atlas of Zeolite Structure 
Types' by W. M. Meier and D. H. Olson (published by Butterworths on behalf of 
the Structure Commission of the International Zeolite Association). Zeolite 
catalysts having crystal structures that are essentially the same as the crystal 
structures of the above-mentioned zeolite catalysts but differ slightly therefrom in 
chemical composition may also be used, for example, zeolite catalysts obtained by 
removal of a number of aluminium ions from, or by steaming of, the above- 
mentioned zeolite catalysts, or zeolite catalysts obtained by addition of different 
elements, for example, by impregnation or cation exchange or by incorporation 
during the zeolite synthesis (for example boron, iron and gallium). 
[0048] The zeolite catalysts or modified zeolite catalysts may be used in 

the form of powders (including powders consisting wholly or in part of single 
crystals). The zeolite catalysts may instead be incorporated in shaped 
agglomerates, for example, tablets, extrudates or spheres, which may be obtained 
by combining the zeolite with a binder material that is substantially inert under the 
conditions employed in the oligomerisation process. The zeolite catalyst may be 
present, for example, in amounts of from 1 to 99% by weight, based on the 
combined weight of the zeolite and binder material. As binder material there may 
be used any suitable material, for example, silica, metal oxides, or clays, such as 
montmorillonite, bentonite and kaolin clays, the clays optionally being calcined or 
modified chemically prior to use. Further examples of suitable matrix materials 
include silica-alumina, silica-berylia, silica-magnesia, silica-thoria, silica-alumina- 
zirconia and silica-magnesia-zirconia. 

[0049] In a further aspect of the invention there is provided a process for 

oligomerising C2-Ci2-alkenes comprising contacting a C2-Ci2-alkene-containing 
feedstock with crystals of H-ZSM-22 or with crystals of a modified zeolite 
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catalyst having the crystalline structure of ZSM-22, the crystals having a length to 
diameter ratio of not less than 3 and a length of not greater than 30 |im, preferably 
not greater than 10 jim and, more especially, not great than 1 |im. 
[0050] In an especially preferred process according to the invention, a C2- 

Ci2-alkene-containing feedstock, more especially a feedstock containing C3-C6- 
alkenes, is contacted with H-ZSM-22 or a modified zeolite catalyst having 
essentially the crystalline structure of ZSM-22, and the water content is controlled 
according to the present invention between about 0.05 to 0.25 molar %. We have 
found that this enables good yields of dimeric, trimeric and tetrameric products to 
be obtained. Further, good catalyst activity is observed at relatively low 
temperatures, for example, at temperatures of from 150°, typically 180°, to 255°C. 
We also found that the catalyst becomes deactivated relatively slowly, as 
compared with oligomerisation processes where the feedstock is relatively dry. 
[0051] The alkenes that may be oligomerised by the processes of the 

invention include ethylene, propene, and linear or branched C4-Ci2-alkenes, which 
may be mono-, di- or polyunsaturated, although di-unsaturated and particularly 
polyunsaturated compounds are less preferred. As indicated above, however, the 
alkenes are preferably C3-C6-alkenes. The process is particularly advantageous 
for the oligomerisation of propene and butenes and may be used for the 
oligomerisation of a single alkene, or of mixtures of alkenes of the same or of 
different carbon numbers. The alkene may if desired be diluted, for example, with 
a low molecular weight saturated hydrocarbon, and is preferably mono- 
unsaturated. 

[0052] The reaction is preferably carried out at pressures higher than 

atmospheric pressure, for example, at pressures up to 100 bar (10 7 Pa). 
[0053] Where phosphoric acid catalysts are used the present invention 

comprises putting a fixed bed of solid phosphoric acid catalyst into service to 
catalyse the chemical conversion of a hydrocarbon feedstock. The invention 
permits the catalyst to be rapidly brought to an optimum level of activity for the 
specific hydrocarbon conversion process. The process of this invention enables a 
rapid adjustment of olefin feed hydration, and thus the catalyst hydration, to the 
level required for optimum catalyst activity. 
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[0054] Supported catalysts which are prepared by combining a phosphoric 

acid with a solid support are referred to here as solid phosphoric acid catalyst, and 
any such catalyst can be used in the practice of this invention. A solid phosphoric 
acid catalyst is normally prepared by mixing a phosphoric acid, such as ortho- 
phosphoric acid, pyrophosphoric acid or triphosphoric acid with a siliceous solid 
carrier to form a wet paste. This paste can be calcined and then crushed to yield 
catalyst particles, or the paste can be extruded or pelletised prior to calcining to 
produce more uniform catalyst particles. The carrier is typically a naturally 
occurring porous silica containing material such as kieselguhr, kaolin, or 
diatomaceous earth. A minor amount of various additives, such as mineral talc, 
fullers earth and iron compounds, including iron oxide can be added to the carrier 
to increase its strength and hardness. The combination of the carrier and the 
additives normally comprises about 15-30 wt % of the catalyst, with the remainder 
being the phosphoric acid. However the amount of phosphoric acid used in the 
manufacture of the catalyst can vary from about 8 to 80 wt % of the catalyst. 
Solid phosphoric acid catalyst is available commercially, and such materials are 
available from UOP under the name SPA-1 and SPA-2, more recently under the 
names HO Type B-l and B-2, or from Siid-Chemie or SCI as the C-84-Series and 
CA-131. These HO Type B-l and B-2 catalysts are cylindrical extrudates having 
the following properties: (1) a nominal diameter of 5.72 mm and length/diameter 
ratio of respectively about 1.7 and 2.7; (2) an average bulk density in the range of 
respectively 0.91-0.94 and 0.87-0.91 g/cm 3 ; (3) a free phosphoric acid content, 
calculated as P2O5, of 17 to 22 wt %; and (4) a nominal total phosphoric acid 
content, calculated as P 2 0 5 of 62.5-64.5 wt %. The C-84 series catalysts are also 
cylindrical extrudates offered in various grades with a diameter of 63 mm and 
lengths of about 10, 17 or 20 mm, average bulk densities in the range of 0.82-0.95, 
a free phosphoric acid content of 16-20 wt% and a total acid content of 62.0-63.6 
wt%. The preparation and properties of commercial solid phosphoric acid catalyst 
are set forth in U.S. Patent Nos. 2,120,702; 3,050,472; 3,050,473 and 3,132,108 
and also in British patent No. 863,539. 

[0055] The distribution of phosphoric acids in a solid phosphoric acid 

catalyst can be evaluated experimentally by titration of the 'free P2O5' content of 
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the catalyst, which consists of the acids that are easily leached from the catalyst 
when it is immersed in water. These easily leached acids are phosphoric acids 
which have a low degree of condensation, such as otho-phosphoric acid and 
pyrophosphoric acid. The phosphoric acids which have a higher degree of 
condensation dissolve very slowly when the catalyst is immersed in water, and 
accordingly are not measured by titration of the acids in the aqueous extract. 
Therefore the amount of free P2O5 can be used as an indication of the distribution 
of phosphoric acids in a catalyst which has a given total P2O5 content. The total 
phosphoric acid content can be determined by titration after all the acids have 
been extracted using a strong base such as caustic soda. 

[0056] This invention can be used in the practice of any conventional 

hydrocarbon conversion process which is carried out over an acid catalyst and in 
particular a solid phosphoric acid catalyst. Such processes include but are not 
limited to, the oligomerisation of olefins and the alkylation of aromatics with 
olefins. Specific examples of such processes include the oligomerisation of C3 
and C4 olefins to liquids which are useful as gasoline, kerosene or distillate 
blending stocks; and the preparation of a C6-C15 olefinic mixture which is useful 
as a chemical feedstock for the production of isoparaffinic solvents, alcohols, 
aldehydes and acids. They further include the preparation of ethylbenzene by 
alkylation of benzene with ethylene, the synthesis of cumene and/or p- 
diisopropylbenzene by alkylation of benzene or cumene with propene, and the 
preparation of alkylbenzene or alkylphenols by alkylation of benzene or phenol 
with C6-C20 olefins. 

[0057] In the practice of the invention when using a solid phosphoric acid 

catalyst, the fixed bed of solid phosphoric acid catalyst may be initially immersed 
in a start-up fluid which is typically comprised of a less reactive or inert 
hydrocarbon liquid, such liquid preferably being circulated over the reactor to 
provide heat to the catalyst bed. Conditions of temperature and pressure, which 
are desired for use in the chemical conversion that is to be carried out over the 
catalyst, are then established in the fixed bed of solid phosphoric acid catalyst. A 
minimum temperature may also be required before start-up, to minimize or 
eliminate certain side reactions that could occur with reactive feed on 
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insufficiently heated catalyst. A flow of the hydrated feedstock is then introduced 
over the catalyst bed under the conversion conditions that were previously 
established when the catalyst was immersed in the start-up fluid. 
[0058] However, the use of a start-up fluid is not essential. Particularly in 

tubular reactors, which provide the capability to heat up the catalyst bed via the 
heat transfer medium on the shell side of the reactor, this step can be dispensed 
with. The bed may then be heated by providing a heated medium around the tubes 
containing the catalyst, and when the desired temperature is reached, normal feed 
may be introduced into the reactor. 

[0059] The start-up feed comprises an olefin, optionally a diluent, and the 

appropriate amount of water. The relative proportions of the materials in this feed 
depend upon the nature of the olefin and the oligomerisation conditions. The 
reactions are strongly exothermic and accordingly a diluent such as a paraffinic or 
a heavy olefinic hydrocarbon is generally used. For example when the feed 
consists of C3 olefins and the catalyst is solid phosphoric acid, we prefer 
(especially when a tubular reactor is used) that the feed contain from 30 % to 
60%, more preferably 40 % to 50 %, most preferably 48 to 52% by weight of 
olefins, with the balance being a paraffinic or a heavy olefinic hydrocarbon 
diluent, such as a C3-C5 refinery paraffinic stream. When employing chamber 
reactors, we prefer to use feeds with lower olefin strengths, such as 20 to 40, 
preferably 25 to 35 % by weight. Such feeds may be readily available as that 
which may be obtained from a catalytic cracker. Its olefin content may be 
reduced , if needed by recycling of unreacted paraffins or low olefinic streams 
found elsewhere or recovered from the reactor effluent. If butene is to be 
oligomerised we prefer to use a feed containing from 50 % to 70 % olefins. 
[0060] The preferred olefin strength in the feed is determined by the extent 

to which carbon deposits on the catalyst are formed which in turn depends upon 
the exotherm of the oligomerisation reaction. There is also a minimum olefin 
content required in the feed to prevent the reaction from ceasing. This minimum 
is dependent on the space velocity, the temperature, and the nature of the catalyst 
in the reactor. 
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[0061] The fixed bed for solid phosphoric acid catalyst is brought to the 

desired conversion conditions of temperature and pressure and the olefinic feed 
then introduced. As previously stated, the feedstock contains a minor amount of a 
hydrating agent which is comprised of at least one material selected from the 
group consisting of water, ethers and monohydric aliphatic alcohols which contain 
from 2 to 12 carbon atoms, though methanol could also considered as a hydrating 
agent. The amount of the hydrating agent present in the feed is controlled 
according to the present invention to be effective to provide the desired level of 
catalyst hydration. The desired concentration of hydrating agent in the feedstock 
will depend upon the reaction. However the concentration will desirably be in the 
range from about 0.05 to about 0.80 mol % and more preferably from about 0.10 
to about 0.50 mol % and most preferably from about 0.25 to about 0.30 mol % 
based on the feed. Ideally, after the initial start-up the amount of the hydrating 
agent added will be an amount which is capable of providing an amount of water 
which is just equal to the amount of water required to maintain a particular 
hydration or free acid level on the catalyst throughout the catalyst run. 
[0062] Preferred hydrating agents include water, secondary alcohols and 

tertiary alcohols. Although the invention is not to be so limited, it is believed that 
the alcohols decompose upon contact with the solid phosphoric acid a catalyst to 
yield water and decomposition products which include olefins that are produced 
by the acid catalysed elimination of water from the alcohol. The secondary and 
tertiary alcohols are usually preferred over primary alcohols because they tend to 
decompose more readily upon contact with the solid phosphoric acid catalyst. 
Alcohols which contain from 3 to 5 carbon atoms are desirable hydrating agents 
and such materials include 2-propanol, 2-butanol, 2-methyl-2-propanol, 2- 
pentanol, 3-pentanol, 3-methyl-2-butanol and 2-methyl-2-butanol. 2-propanol is a 
particularly satisfactory hydrating agent. When an alcohol is used as the 
hydrating agent or as a component of the hydrating agent, and the hydrocarbon 
conversion involves the use of one or more olefins as reactants, it may be 
desirable to use an alcohol which has the same number of carbon atoms as the 
olefin. The olefin produced by the dehydration of the alcohol can then participate 
as a reactant in the hydrocarbon conversion process and by-products will be 
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minimised. For example, if 2-propanol is used as a hydrating agent for the 
oligomerisation of propene over a solid phosphoric acid catalyst, any propene 
produced by decomposition of the 2-propanol will be oligomerised along with the 
propene in the feedstock. 

[0063] Although water is a highly satisfactory hydrating agent, it is 

relatively insoluble in typical hydrocarbon feedstocks under ambient conditions of 
temperature and pressure. Accordingly, it is frequently not convenient to 
incorporate sufficient water in a hydrocarbon feedstock to produce a desired level 
of catalyst hydration. However monohydric aliphatic alcohols which contain from 
2 to 12 carbon atoms are ordinarily quite soluble in typical hydrocarbon 
feedstocks. Accordingly these alcohols are very convenient for use as hydrating 
agents. A highly preferred embodiment of the invention involves the use of a 
hydrocarbon feedstock wherein the hydrating agent is comprised of a mixture of 
water and at least one alcohol which is selected from the group consisting of 
monohydric aliphatic alcohols which contain from 2 to 12 carbon atoms. Such a 
feedstock is conveniently prepared by adding one or more alcohols to the 
hydrocarbon components of the feedstock which contain water, and wherein the 
amount of water is insufficient to provide the desired level of catalyst hydration. 
[0064] In one aspect the process of this invention can be used in 

connection with the chemical conversion of any hydrocarbon feedstock which is 
carried out over a fixed bed of solid phosphoric acid catalyst. Such chemical 
conversions include, but are not limited to olefin oligomerisation reactions and the 
alkylation of aromatic compounds with olefinic alkylating agents. Suitable olefins 
for use in such a process include, but are not limited to cyclic olefins, substituted 
cyclic olefins, and olefins of Formula I, wherein Ri is a hydrocarbyl group and 
each R 2 is independently selected from the group consisting of hydrogen and 
hydrocarbon groups. Preferably R\ is an alkyl group and each R 2 is independently 
selected from the group consisting of hydrogen and alkyl groups. 

Formula I 



Ri R 2 

\ / 
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R2 R2 
[00651 Examples of suitable cyclic olefins and substituted cyclic olefins 

include, but are not limited to cyclopentene, 1-methylcyclopentene and 
cyclohexene. Examples of suitable olefins of the type of Formula I include, but 
are not limited to, propene, 2-methylpropene, 1-butene, 2-butene, 2-methyl-l- 
butene, 3 -methyl- 1-butene, 2-methyl-2-butene, 2,3-dimethyl-2-butene, 2-ethyl-l- 
butene, 1-pentene, 2-pentene, 2-methyl-l-pentene, 3 -methyl- 1-pentene, 4-methyl- 
1-pentene, 1-hexene, 2-hexene, and 3-hexene. Suitable olefins will desirably 
contain from 3 to 12 carbon atoms, preferred olefins will contain from 3 to 6 
carbon atoms, and highly preferred olefins will contain from 3 to 4 carbon atoms. 
Ethylene may also be present, in minor or in major amounts. 

[0066] The materials obtained from the process of the present invention 

for the oligomerisation of olefins will generally be a mixture of desired olefin 
oligomers, unreacted olefins, diluent (if any is used), water and other impurities. 
The materials are therefore separated, generally by fractional distillation primarily 
into the olefin oligomers, the unreacted olefins and, if present, the diluent. The 
unreacted olefins and diluents may be recycled to the oligomerisation reactor. 
The olefin oligomers may then be purified as required for use in subsequent 
reactions. For example the oligomers may contain trace amounts of sulphur 
which may damage a hydroformylation catalyst. Accordingly, if the olefins are to 
be used as a feed for hydroformylation, the feed may need to be desulphurised. 
Similarly the olefin oligomers may contain trace amounts of chlorine which may 
also be detrimental to hydroformylation catalysts and may need to be removed. If 
the hydroformylation catalyst is not damaged by sulphur or chlorine, the catalyst 
in the subsequent hydrogenation step to produce the alcohol derivatives may be 
damaged by these compounds, and hence sulphur and chlorine are preferably 
removed, most preferably to very low levels. Furthermore the olefin oligomers 
themselves are frequently mixtures of oligomers of different carbon number. For 
example oligomerisation of a mixture of propylene, butene and amylene can result 
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in a mixture of Ct to C13 oligomers and this mixture can then be separated by 
fractional distillation to obtain the oligomer or oligomer mixtures desired for a 
particular purpose. 

[0067] The process of this invention may also be used in connection with 

the alkylation of an aromatic compound with an olefinic alkylating agent, suitable 
aromatic compounds include all organic compounds of from 6 to 20 carbon atoms 
which contain aromatic functionality and can be alkylated by an olefin in the 
presence of an acidic catalyst such as a solid phosphoric acid catalyst. Such 
materials include both aromatic compounds and substituted aromatic compounds 
which carry one or more substituents. Aromatic hydrocarbons and hydrocarbyl 
substituted aromatic hydrocarbons which contain from 6 to 10 carbon atoms are 
particular suitable. In addition mixtures of such materials can be used as a 
substrate. Examples of such material include compounds of Formula II which 
contain from 6 to 20 carbon atoms where each R is independently selected from 
the group consisting of hydrogen and hydrocarbyl groups. However preferred 
aromatic compounds are hydrocarbons which contain from 6 to 10 carbon atoms 
and are of Formula II where each R is independently selected from the group 
consisting of hydrogen and alkyl of from 1 to 3 carbon atoms. Benzene and 
toluene are particularly preferred. 



Formula II 




[0068] Aromatic compounds for use as alkylation substrates in the practice 

of this invention can be obtained from any desired source. However, in a 
petroleum refinery steamcracking units, powerformers, reformers and 
isomerisation units are convenient sources of the aromatic compounds. For 
example, a light reformate can be used, and a typical material of this type will 
have a total aromatic content of about 35 vol % and will contain about 10 vol % of 
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benzene. For processing efficiency, often the higher purity aromatic feeds are 
preferred due to recycles typically being used in the process. 

[0069] In a highly preferred embodiment, the process of this invention can 

be used in connection with the conversion of a mixture of C3 and C 4 olefins to 
gasoline blending stock by oligomerisation. In such an embodiment, the 
feedstock will be comprised of at least about 25 % by volume of olefins. A 
typical olefin-containing feedstock to a polymerisation unit for conversion to 
oligomers in the gasoline boiling range will comprise a mixture of propane, 
butane, 1-methylpropane, propene, 1-butene, 2-butene and 1-methylpropene, 
wherein the olefin concentration is in the range from about 35 to about 60 vol %. 
Ethylene and ethane may also be present, albeit typically in minor amounts. 
However it will be appreciated that the olefin-containing feedstock can have a 
variety of other compositions which include but are not limited to, other olefins or 
olefin mixtures, other diluents and the presence of a minor amount of aromatic 
compounds. In addition olefin concentrations can be used which are outside this 
range. 

[0070] In a further embodiment the present invention is used for the 

oligomerisation of olefins such as ethylene, propylene, butenes and amylenes to 
produce C6 to C13 olefins which can be used as feeds for hydro formylation 
reactions for the production of aldehydes and alcohols. The aldehydes may then 
be oxidised to produce acids or hydrogenated to produce alcohols. The alcohols 
may then be used in the production of synthetic esters such as plasticiser esters or 
synthetic lubricants or in the production of surfactants. The olefins may be 
hydroformylated using low pressure rhodium catalysed hydroformylation 
technology or high pressure hydroformylation technology which is typically 
cobalt catalysed, but rhodium is also used. The present invention is particularly 
useful in the production of feedstocks which are hydroformylated in the manner 
described in our copending US patent application 60/530805 filed 
18 December 2003. Where the aldehydes produced by this method are 
hydrogenated, this may readily be accomplished by the method described in our 
copending US patent application 60/530804 filed 18 December 2003. 
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[0071] In another highly preferred embodiment the process of this 

invention can be used in connection with the conversion of a feedstock which 
comprises low molecular weight aromatic compounds in combination with C3 and 
C4 olefins to produce a product which is in the gasoline boiling point range and 
useful as a gasoline blending stock. For example, the mol ratio of olefins to 
aromatic compounds can be in the range from about 1 to about 50, and preferably 
from about 1 to about 30. In such an embodiment volatile low molecular weight 
aromatic compounds such as benzene, which are undesirable as gasoline 
components because of toxicity considerations, can be converted to less volatile 
materials which are highly desirable gasoline components by alkylation. For 
example benzene and toluene can be converted to cumene and cymene 
respectively by monoalkylation with propene. 

[0072] In those cases where the feedstock contains both olefins and 

aromatic compounds, alkylation of the aromatic compounds by the olefin or 
olefins in the feedstock may compete with olefin oligomerisation. As a result, 
both olefin oligomers and alkylated aromatic compounds will be obtained as 
products and the ratio of these products will be a function of the mol ratio of 
olefins to aromatic compounds in the feedstock. For example, when the mol ratio 
of olefins to aromatic compounds is about 1 to 4, 1 to 5, or even 1 to 8, or 1 to 10 
or above the formation of products from alkylation of the aromatic compounds 
may predominate over the formation of olefin polymerisation products. However 
when the mol ratio of olefins to aromatic compounds is about 1 or above, the 
formation of olefin polymers will typically predominate. Such alkylation 
reactions may be operated in the liquid phase or in the vapour phase, though the 
vapour phase is typically preferred when using solid phosphoric acid catalyst. 
When alkylating with ethylene, and the ethylene may be fed in a concentrated or 
diluted from, even down to 5% in the ethylene feed gas, conditions may be about 
300°C and 40-65 bar, and with ethylene to aromatic ratios of 0.1 to 1. With other 
catalysts, and typically when polyalkylbenzenes are desired, conditions may be 
15-20 bar and temperatures of 420-430°C. When alkylating with propylene, 
typical conditions may be 200-250°C and 15-35 bar. Using zeolites, alkylation 
may be done at weight hourly space velocities ranging from 1 to 1 0, in the liquid 
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phase. Involving ethylene, the preferred temperatures are then 180°C to 250°C. 
Involving propylene, the preferred temperatures are 110°C to 160°C. In both 
cases, staged injection of the olefin feed may be preferred for better temperature 
control. 

[0073] The hydrocarbon conversion process of this invention is preferably 

carried out in a fixed bed. The reaction can be performed in a chamber or a tubular 
reactor. In a tubular reactor, the catalyst is contained in a multiplicity of tubes 
which are surrounded by a circulating cooling medium. These tubes will typically 
have an internal diameter of from about 5 cm to about 15 cm, although other 
diameters can also be used. A tubular reactor is frequently preferable to a 
chamber reactor because it permits a closer control of the reaction temperature and 
can be easily constructed for high pressure operation. Ordinarily a plurality of 
reactors will be used. For example an olefin oligomerisation unit employing 
tubular reactors can have as many as eight or more reactors. The temperature in 
tubular reactors is typically controlled by steam generation around the reactor 
tubes. Multiple tube bundles may have their shell side linked up to the same 
single steam drum. 

[0074] In a chamber reactor, two or more catalyst beds are incorporated 

into a single vessel with a diameter in the range, but not exclusively, 1.5 m to 2.5 
m. The temperature rise across each bed, due to the reaction, is cooled before the 
next bed with an external and cooler quench stream. This quench stream is 
generally predominantly saturated hydrocarbon material and often is the product 
LPG distilled in the first fractionation tower downstream of the reactors in the 
process, or vapour condensate from a flash drum located in a similar position. 
Where a chamber reactor is used the heat produced by the exothermic olefin 
conversion reactions can be controlled by using a low reactivity hydrocarbon as a 
recycle from reactor effluent to reactor feedstock and/or as a quench between 
multiple catalyst beds within the reactor. 

[0075] Other recycle streams can also be recycled to the reactor to effect 

dilution or to modify the product slate. For instance, in a propylene fed reactor, 
C6, C9 or C12 olefin streams, fractionated downstream of the reactors, can be 
recycled to the reactor to modify the product slate distribution. Byproduct streams 
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of carbon numbers other than the above, such as C7-8 or C10-11 mixtures, can 
also be recycled to reduce their production, if possible even recycled to their full 
extinction. The feed to the reactors may also be diluted with such recycle streams. 
[0076] In the practice of the process of this invention employing a solid 

phosphoric acid, the feedstock is contacted with the solid phosphoric acid catalyst 
at a temperature, pressure and period of time which are effective to result in 
conversion of at least a portion of the reactants in the feedstock to the desired 
products. Desirably, the contacting temperature will be in excess of about 50°C, 
preferably in excess of 100°C, and more preferably in excess of 125°C. The 
contacting will generally be carried out at a temperature in the range from about 
50° to about 350°C, preferably from about 100° to about 350°C and more 
preferably from about 125° to about 250°C, it will be appreciated of course, that 
the optimum temperature will be a function of the specific reactants employed and 
their concentration in the feedstock. For example for the oligomerisation of 
propene and/or C4 olefins the reaction temperature will usually be in the range 
from about 150° to about 250°C, though higher temperatures up to 300°C may 
also be used. We prefer that the feed be preheated at least to a temperature in the 
range 150° to 160°C before introduction into the reactor. 

[00771 ha the practice of the process of this invention the feedstock can be 

contacted with the solid phosphoric acid catalyst at any suitable pressure. 
However pressures in the range from about 1 to about 200 bars are desirable and a 
pressure in the range from about 20 to about 100 bars is preferred. For example 
when a typical solid phosphoric acid catalyst is used for the conversion of propene 
and/or C4 olefins to gasoline blending stock, the pressure will usually be in the 
range from about 20 to 100, but preferably from about 40 to about 85 bars. 
[0078] Deactivation of a solid phosphoric acid catalyst during its use to 

catalyse either the polymerisation of olefins or the alkylation of aromatic 
compounds with olefins, is often believed to be a result of the formation of high 
boiling polymers as by-products. These by-products can remain on the catalyst 
and undergo further conversion to higher molecular weight polymers, which 
resemble heavy tars and in some cases even have the appearance of coke-like 
material. These materials can coat the catalyst particles and plug pores in the 
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catalyst, thereby causing catalyst deactivation. Accordingly it is frequently 
desirable to carry out the process of this invention at a pressure which is sufficient 
to maintain a liquid or supercritical phase of hydrocarbon in contact with the 
catalyst. This liquid or supercritical hydrocarbon phase can keep the conditions 
such that the high molecular weight polymers or tar are washed off the catalyst 
and thereby prolong the catalyst life. Such phase also is more effective in 
removing heat away from the active sites on the catalyst, thereby suppressing the 
formation of higher molecular weight polymers or tar. 

[0079] The operation of the present invention in relation to the 

oligomerisation of olefins is illustrated by the accompanying Figure 1, in which 
(1) denotes an alkaline wash drum or tower to which olefin feed (11) is fed as is 
fresh caustic (12). Spent caustic (13) is removed from the alkaline wash operation. 
The product of the alkaline wash is then typically brought to the desired 
temperature and sent to a water wash (which may be mildly acidic) at (2), where 
water (14) is introduced. The olefin stream containing water then passes to a 
settling drum (3) where water (15) separates out. Part of this water may be 
recycled to the water wash (2). The olefin stream then passes to a coalescer (4) 
where also the finer droplets of water (16) are removed and then to the reactor (5). 
An on line analyser (7) is provided to determine the feed composition and send a 
signal to alter the hydration level as required, preferably by altering the 
temperature of the water wash performed at (2). After reaction, the product passes 
to stabiliser tower (6) where olefin oligomer is separated as bottoms products (19) 
and the volatiles removed overhead as (17). These volatiles may be partially 
recycled as shown at (18). 
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CLAIMS 

1. A process for the conversion of an olefin in a reactor, wherein the 
conversion reaction is selected from the group consisting of (i) 
oligomerisation of an olefin and (ii) alkylation of an olefin with at least 
one compound selected from the group consisting of aromatic and 
phenolic compounds, the process comprising continuously passing a feed 
comprising an olefin and water through a bed of catalyst under conversion 
conditions to form a conversion product, wherein the water content of the 
feed is greater during the initial phase of the process than at the latter 
phase of the process. 

2. The process according to claim 1 in which the water content of the feed is 
automatically controlled according to an analysis of the composition of the 
reaction feed. 

3. The process according to claim 2 comprising introducing water into the 
feed by a water wash. 

4. The process according to claim 3 comprising coalescing the wash water 
before it is passed to the reactor. 

5. The process according to claim 1 wherein the water content of the feed is 
controlled by at least one method selected from the group consisting of (a) 
introducing water into the feed, (b) drying the feed and (c), in the case 
where a water wash is used, adjusting the temperature of the water wash. 

6. The process according to claim 2 wherein an on-line analyser is provided 
to determine the composition of the reaction feed as it is fed to the reactor. 

7. The process according to claim 2 in which the analysis of the reactor feed 
also includes a measure of the concentration of oxygenated components. 

8. The process according to claim 1 in which the conversion products are 
separated from unreacted olefins and/or diluent. 
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9. The process according to claim 8 in which the unreacted olefins and/or 
diluent are recycled to the reactor. 

10. The process according to claim 1 in which the conversion is performed in 
a tubular reactor. 

1 1 . The process according to claim 1 in which the conversion is performed in 
a chamber reactor. 

12. The process according to claim 1 wherein the conversion reaction is 
oligomerisation and the conversion product comprises C5 to C20 olefins in 
the boiling range of about 30°C to about 310°C. 

13. The process according to claim 1 which comprises the oligomerisation of a 
mixture of C3 and C4 olefins. 

14. The process according to claim 1 wherein the conversion is 
oligomerisation of at least one olefin selected from the group consisting of 
ethylene, propylene, butenes and amylenes to produce C6 to CI 5 olefins. 

15. The process according to any of claims 1 in which the conversion products 
are purified for use in subsequent reactions. 

16. The process according to claim 15 in which the conversion products are 
desulphurised. 

17. The process according to claim 1 in which the catalyst comprises a zeolite 
catalyst. 

18. The process according to claim 17 wherein the conversion conditions 
include a temperature from about 1 10°C to about 310°C. 

19. The process according to claim 1 in which the catalyst comprises a solid 
phosphoric acid. 
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20. The process according to claim 19 wherein the conversion conditions 
include a temperature from about 200°C to about 300°C. 



